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ABSTRACT
KAREN MELISSA DAMICO: The effects of a distracter on a reaction time task in rats:
mode vs. distribution skew
(Under the direction of Dr. Karen Sabol)

Animal models of attention have been used by researchers to better understand the
neurophysiological basis of attention, as well as attentional disorders such as Alzheimer’s
Disease and ADHD. Acetylcholine has been found to play a significant role in the ability
of subjects to maintain focused attention in studies evaluating both human and animal
performance.
Percent omissions committed, performance accuracy, and reaction time are
variables that have been interpreted by researchers as measures of attention. An alternate
method for evaluating attention has been proposed that is based on dividing overall
reaction time into initiation time and movement time. The initiation time distribution is
then subdivided into mode and skew. The primary purpose for this project was to
evaluate initiation time distribution skew as a measure of attention distinct from the
behavioral elements represented within the mode. Rats were evaluated using a twochoice reaction time task in the presence and absence ofa flashing light above the center
nose-poke hole. The effects ofthe visual distracter upon the mode and skew ofthe
distribution were examined in the salient condition (chamber light off) and the non
salient condition (chamber light illuminated). The visual distracter proved to be an
effective challenge of attention, producing changes in both the initiation time mode and
the initiation time skew. The significant effect ofthe distracter on both variables
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prevented their dissociation, although the increase in skew appeared to be greater than the
observed increase in mode. The results suggest that either 1)the mode and skew of
reaction time distributions represent non-dissociable elements of behavior, or 2)the mode
and skew represent distinct elements of behavior that were simultaneously affected by the
visual distracter.
A secondary purpose ofthis project was to study the effects of acetylcholine
blockade on the initiation time distribution. The acetylcholine (muscarinic) antagonist
scopolamine (0.03 mg/kg, 0.06 mg/kg, and 0.10 mg/kg) was administered prior to
reaction time test sessions. This phase ofthe project is still in progress and will be
reported elsewhere.
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with the finding of Sabol et al (2003)that more salient conditions result in lower
premature response rates. An absence ofthe effect in the second distracter condition may
have been due to the recognition over time that the distracter and signal were
independent.

Omissions
It was predicted that the percent omissions committed (the number ofcorrect
responses with an initiation time greater than two seconds) would increase in the
presence of the distracter as subjects were slowed by the conflicting stimuli. The
significant increase that was seen in the salient condition is consistent with the change in
omissions reported by McGaughy and Sarter(1995)in the presence ofa flashing
houselight. This increase in omissions has also been reported in response to other
challenges to attention, including reductions of stimulus duration (Grottick & Higgins,
2002). The absence of a distracter effect upon the omissions committed in the non
salient condition is consistent with results of Harrison et al(1997), a study which
reported no effect of a white noise distracter upon the measure in a similar environment.
The absence of a main effect on omissions within the non-salient condition ofthe
present study appears to be the result of a larger number ofomissions committed at the
baseline level relative to the salient condition, a difference that is consistent with the
findings of Harrison et al(1997)in a task with no distracter present. The baseline
difference is also consistent with the report by Sabol et al(2003)of a near significant
effect of stimulus salience upon the omissions committed during a reaction time task.

33

TABLE OF CONTENTS
Abstract

111

Introduction

1

Task Designs for Measuring Attention

.3

Measures of Attention

,5

Environmental Task Variations and Attention

12

Acetylcholine and Attention

13

Purpose

15

Hypotheses

16
18

Methods,
Experiment 1

18

Experiment 2

,23
,25

Results
Non-salient Condition

,25

Salient Condition

26
,28

Discussion
Initiation Time Mean

,28

Initiation Time Mode and Distribution Skew

,29

Premature Initiations and Premature Responses

,32

Omissions

33

Percent Rewarded Trials

,34

Summary

35
36

List of References

V

40

Appendix A
Non-Salient Condition

40

Salient condition

42
45

Figures

VI

n

The Effects of a Distracter on a Reaction Time Task in Rats: Mode vs. Distribution Skew
The psychological and physiological factors that influence attentional processes are of
growing interest to researchers, particularly in regard to neurological disorders such as
Alzheimer’s that afflict aging individuals. T.W. Robbins, a pioneer in the field of
evaluating attention, has suggested that the subject is not a simple or easily understood
construct, but rather the product of a number of different cognitive mechanisms that
interconnect with one another. One such element is vigilance, or sustained attention,
which he defines as “a continuous allocation of processing resources for the detection of
rare events”(Robbins, 2002, p. 363).
A number of variables have been widely adopted as measures of attention, although it
remains unclear which performance measure most precisely represents this fimction.
Contradictory results have been observed in similar tasks designed to evaluate attention
according to the omissions committed (Cole and Robbins, 1987; Grottick & Higgins,
2002; McGaughy & Sarter, 1995), the accuracy ofresponding(Cole & Robbins, 1987;
Higgs, Deacon,& Rawlins, 2000; Jones & Higgins, 1995; Mirza & Stolerman, 2000;
Steckler & Sahgal, 1995), and the overall reaction time (Blokland, 1998; Grottick &
Higgins, 2002; Phillips, McAlonan,Robb,& Brown,2000). An alternative method for
evaluating attention has been proposed that is based on separating the overall reaction
time into initiation time and movement time. The reaction time distribution (which
ordinarily contains a bell-shaped component and a positive tail) can be analyzed by
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evaluating the mode and skew ofthe distribution (Hohle, 1967; Leth-Steensen, Elbaz,&
Douglas, 2000; Sabol, Richards, Broom,Roach,& Hausknecht, 2003).
A substantial amount of the research aimed at understanding attentional processes has
focused on the role played by the cholinergic system. Lesioning techniques and the
administration of drugs have been employed in an attempt to evaluate a possible link
between the neurotransmitter system and attention, possibly providing a better
understanding of age-related attentional disorders such as Alzheimer’s Disease that are
increasing in prevalence among today’s growing elderly population (Robbins, Everitt,
Marston, Wilkinson, Jones, & Page, 1989; Blokland, 1998; Jones & Higgins, 1995;
McGaughy, Turchi, & Sarter, 1994; Mirza & Stolerman, 2000; Phillips, McAlonan,
Robb,& Brown, 2000; Ruotsalainen, Miettinen, MacDonald,& Sirvio, 2000).
The goal of this study was to evaluate reaction time distribution skew as a model of
attention. The current model is based upon a form of analysis first proposed by Hohle
(1967) and supported by the work of Leth-Steensen et al(2000)through evaluation of
children with ADHD. This initial model of attention was based upon separate analysis of
the Gaussian and exponential components ofthe reaction time distribution, with increases
in the tail region interpreted as impairments of attention. In an extension ofthese human
studies, Sabol et al(2003)developed an animal model which parallels the ex-Gaussian
approach by contrasting reaction time distribution mode(corresponding to the Gaussian
component of the model) and skew (corresponding to the exponential component.) In the
present study, this model was evaluated through the introduction ofa visual distracter to a
task of sustained attention. In addition to this task variation, an evaluation ofthe effects
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of cholinergic manipulation on the animal model was begun through administration ofthe
muscarinic antagonist scopolamine.

Task Designs for Measuring Attention
The ability of an animal to maintain sustained attention, or vigilance, throughout the
performance of a task has been evaluated using various design parameters. Two ofthe
more prevalent approaches to this subject have involved the introduction oflevers within
an operant chamber to elicit a trained response(McGaughy & Sarter, 1995;McGaughy et
al, 1994; Blokland, 1998; Phillips et al, 2000)and the five-choice serial reaction time task
(Jones & Higgins, 1995; Jakala, Sirvio, Jokkonen, Riekkinen, Acsady,& Riekkinen,
1992; Mirza & Stolerman, 2000). The dual lever design ofthe operant chamber
ordinarily involves the introduction oftwo response levers following stimulus
presentation. The subject may be reinforced for pressing one lever in response to the
appearance of a stimulus and the opposite lever in response to the absence of a stimulus
(McGaughy & Sarter, 1995). Alternately, the subject may be required to press one lever
in response to a constant stimulus and the opposite lever in response to an interrupted or
pulsing stimulus, such as a flashing light(McGaughy et al, 1994).
Although it was first developed in the 1960’s(Robbins, 2002), the traditional 5CSRTT remains a popular task design for studies attempting to evaluate the different
components of attention in animal and human subjects. In one ofthe earliest applications
ofthe paradigm, Wilkinson(1963)evaluated the effects ofsleep deprivation, an auditory
distracter, and immediate feedback upon the performance of human subjects in a task
which involved the random presentation oflights in five spatial locations. Following the
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presentation of a light, the individual was expected to touch a metal contact in the
corresponding position. The performance variables emphasized by Wilkinson were the
number of correct responses, the number ofincorrect responses, the proportion of
incorrect responses, and the number of breaks in responding greater than or equal to 1.5s
within the sessions. Although a number of different variables have been applied to
interpret results from the 5-CSRTT,the design remains a prominent feature in studies
intended to assess attention, such as those examining the deficits associated with ADHD
(Robbins, 2002).
In addition to its applications for human research, the design ofthe 5-CSRTT also
allows for a multitude oftask manipulations that can be employed to evaluate the
individual mechanisms of attention in animals. The basic design ofthe task includes a
nine-hole operant box with four holes on a curved wall blocked and reinforcement given
via a magazine on the opposite side ofthe chamber. During the testing, lights are
presented within the five open holes and subjects are rewarded for putting their noses into
the corresponding positions. By recording such behavioral measures as the number of
omission errors committed,the accuracy ofresponding, and the latency to make a correct
response, it is possible to evaluate how well a subject is able to distribute its attentional
resources over a range of spatial locations. The task typically includes a relatively large
number oftrials, making it highly relevant for the assessment of vigilance as it tests a
subject’s ability to detect unpredictable stimuli over an extended period oftime(Robbins,
2002).
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Measures of Attention
The effectiveness ofthe various testing designs at evaluating attention depends upon
the variables which are emphasized for interpretation. Variables often used to measure
attention in the rat include omissions, percent correct(accuracy), and reaction time.
which are analyzed below.
Omissions. The number of omissions committed within a task of attention is a
measure ofthe frequency with which a subject fails to respond during a trial. Significant
increases in the number of omissions committed have been seen within research on
attentional impairments. McGaughy and Sarter(1995)observed an increase in the
omissions committed following the introduction of a flashing houselight. In a second
manipulation designed to challenge attention, Grottick and Higgins(2002)observed an
increase in the number of omissions committed as sessions progressed within a 5-CSRTT
following reductions of stimulus duration.
In another paradigm that also evaluated the effects ofreduced stimulus duration on
measures of attention, Higgs et al(2000)reported no effect ofthe manipulation upon the
omissions committed. Rather, the study reported an increase in the omissions committed
in response to pre-feeding. This finding was replicated by Bizarro and Stolerman (2003).
Grottick and Higgins(2002)observed an increase in the omissions committed as the
sessions progressed in response to pre-feeding. The finding ofincreased omissions in
response to pre-feeding suggests that the measure may be a reflection of motivational
level rather than attention.
In addition to the inconsistencies seen within behavioral studies, drug studies have
also reported conflicting results concerning the number of omissions committed by
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subjects during tasks of attention. In a dual lever task, McGaughy and Sarter(1995)
observed a decrease in the number ofomissions committed in response to amphetamine
administration. Grottick and Higgins(2002)observed comparable results using the 5CSRTT,findings that are consistent with observed improvements in the ability ofhuman
subjects to detect stimuli following administration ofthe drug(Koelega, 1993).
However, Cole and Robbins(1987)observed an increase in the number ofomissions
committed in response to amphetamine administration using the 5-CSRTT.
Based on 1) the conflicting effects of decreased stimulus duration on omissions 2)the
motivational effects of pre-feeding on omissions, and 3)the conflicting drug effects on
omissions, the use of this measure as an index of attention remains unclear.
Accuracy. In addition to the number ofomissions committed, many researchers have
chosen to interpret the percent ofcorrect responses performed, or accuracy, as a valid
measure of attention. In variations ofthe 5-CSRTT,accuracy is the percentage ofcorrect
responses to the location where the stimulus appeared (Robbins, 2002). Using modified
forms of the 5-CSRTT, both Grottick and Higgins (2002)as well as Higgs et al(2000)
observed a statistically significant decrease in accuracy as a result ofreduced stimulus
duration, a manipulation proposed to increase attentional load. Also consistent between
both studies was the absence of a statistically significant effect ofpre-feeding upon
accuracy, suggesting that the measure may allow for a means ofseparating motivational
impairments from attentional impairments.
Although response accuracy remains widely used as a measure of attention, some
results have indicated that the variable may allow for inconsistencies within data
interpretation. Improved human performance in tasks of attention has been seen in
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response to the administration of amphetamine(Koelega, 1993). This is consistent with a
the work of Grilly, Pistell, and Simon(1998) who evaluated the effects ofamphetamine
administration using a task in which lights were presented in one oftwo spatial locations
and reinforcement was given for pressing a lever directly below the illuminated stimulus.
The researchers observed an improvement in performance accuracy following
amphetamine administration under certain training conditions. However, neither Steckler
and Sahgal(1995) nor Cole and Robbins(1987)reported any effect of amphetamine
administration upon accuracy in a multiple choice SRT task and 5-CSRTT,respectively.
In a task which required the pressing ofone lever in response to a visual stimulus and the
pressing of another in response to an absence ofthe stimulus, McGaughy and Sarter
(1995) actually reported a significant impairment in the accuracy with which an animal
could differentiate between signal and non-signal trials following administration of
amphetamine.
Some additional drug studies evaluating the role ofthe cholinergic system in the
processes of attention have produced conflicting reports similar to those seen in response
to amphetamine administration. Higgs et al(2000)reported no effect ofthe cholinergic
antagonist scopolamine upon accuracy, while decreased accuracy in response to the drug
was reported by Jones and Higgins(1995) as well as Mirza and Stolerman (2000).
Although reductions in stimulus duration that are employed to challenge attention
have been found to consistently decrease choice accuracy, inconsistencies within studies
evaluating changes in the measure in response to pharmacological manipulations are
apparent.
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Reaction time. In addition to accuracy and errors of omission, reaction time has also
been interpreted as a measure of attention(McGaughy et al, 1994; Mirza & Stolerman,
2000). It was proposed by McGaughy et al(1994)that attentional deficits are
specifically manifested in divided attention tasks as increases in response latencies, not as
effects upon accuracy. The researchers proposed that if a task with dual response
requirements is reinforced to the extent that decision-making becomes automatic.
impairments of attention can best be inferred from increases in the time required to
differentiate between the two sets ofstimuli and to select the appropriate response.
Reaction time can be treated as one unified measure or evaluated according to its
specific components. Carli, Evenden, and Robbins(1985)examined the effects of
unilateral caudate nucleus lesions upon performance by dividing reaction time into
initiation time (the interval required for a rat to withdraw his nose from a central hole
following the presentation of a side light) and movement time (the interval between the
withdrawal ofthe nose fi-om the center hole and placement in a side hole.) Under this
design, it can be assumed that initiation time is most representative ofthe time required to
receive a stimulus and to cognitively respond, while movement time is reflective of motor
functioning. Carli et al(1985)found that while initiation time was significantly affected
by the lesion procedure, movement time was not. In a comparable task Sabol et al(2003)
reported differential effects of stimulus salience and methamphetamine treatment upon
initiation time and movement time. Varying stimulus salience affected reaction time by
primarily changing the observed initiation time. Methamphetamine administration
produced a change in reaction time that was largely the result ofa change in initiation
time for the salient condition and a change in movement time for the non-salient
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condition. These results support the hypothesis that the two measures may be dissociable
and representative of different aspects of behavior.
As with accuracy discussed above, overall reaction time is affected in a relatively
consistent manner by manipulations oftask parameters, but inconsistencies have been
observed in drug studies. While Phillips et al(2000)observed an increase in the overall
reaction time in response to administration ofthe anticholinergic scopolamine, Blokland
(1998)reported no effect of drug administration upon the measure. While Grottick and
Higgins(2002) reported a reduction of reaction time in response to amphetamine that is
consistent with the improvements in human performance that have been observed
(Koelega, 1993), Grilly et al(1998)reported the expected improvement only under
certain training conditions.
As with omissions and accuracy, researchers have examined the possible motivational
basis for changes in reaction time. Pre-feeding before the start oftest sessions has been
found to increase response latencies, suggesting a possible connection between the
measure and motivational level. In response to pre-feeding, increased correct response
latencies during the 5-CSRTT were reported by Bizarro and Stolerman(2003) as well as
Harrison, Everitt, and Robbins(1997). This result was replicated Higgs et al(2000)
using a modified form of the task. However, Marrow, Overton, and Clark (1993)
reported no difference in the reaction times ofthose rats given free access to food the day
before test sessions.
Although reaction time has been used as a measure of attention throughout human and
animal studies, inconsistencies observed following drug administration and a possible
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correlation with motivational level suggest that further studies may serve to clarify what
behavioral components are reflected by the measure.
Reaction time mode and skew. One method employed by researchers to evaluate
attention is the analysis ofreaction time changes in terms of altered response-time
distribution properties. Specifically, there is some evidence to suggest that the mode and
skew of response-time curves are representative of different elements ofbehavior.
Analysis of these distribution components can be performed by fitting reaction time data
to the ex-Gaussian model, a means of analyzing distributions by both their normal and
exponential components(Hohle, 1967; Leth-Steensen et al, 2000), or by directly
analyzing the mode and skew fi-om the reaction time data(Sabol et al, 2003).
In an early explanation of this model, Hohle(1967)proposed that reaction time is a
complex variable which can be divided into exponentially distributed components as well
as symmetrically distributed, Gaussian components. Hohle identified a decision latency
consisting ofthe time required to distinguish the signal from background environmental
stimuli; and a residual latency, consisting ofthe time required to receive and conduct
sensory information from the receptors as well as the time to conduct a motor response.
Hohle proposed that the decision latency is most precisely represented by the exponential
component of a reaction time distribution, while the normally distributed component
represents the residual latency.
Building on the work ofHohle(1967), Leth-Steensen et al(2000)reported that boys
suffering from ADHD produced response-time distributions that, when fit to the exGaussian model, included larger positive skew values (exponential components)than
those produced by age-matched controls. This increased skew was found to occur in the
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absence of any change to the Gaussian component ofthe distribution. This allowed the
researchers to conclude that the overall reaction time impairment associated with ADHD
is largely the result of a disproportionate amount of extremely slow responses and not a
general slowing of all responses. As a result, it was inferred that the tail ofthe reaction
time distribution reflected lapses in attention.
Based on the work of Leth-Steensen et al (2000), Sabol et al(2003)recently
developed an animal model of attention in which the reaction time distribution was
subdivided for analysis. In contrast to the work of Leth-Steenseen et al(2000), the data
from this study could not be fit to the ex-Gaussian model. The analysis of mode
(corresponding to the Gaussian component ofthe ex-Gaussian model)and skew
(corresponding to the exponential component) was introduced as a parallel to the earlier
model without reliance on the associated assumptions. Sabol et al(2003)reported that
both increasing stimulus salience and methamphetamine administration reduced the
observed initiation time mode as well as the initiation time skew. This indicates that the
mode and skew were not dissociated by the manipulations, even though the increased
stimulus salience and drug administration produced a stronger effect upon the skew ofthe
distributions than the mode. Further studies are needed to explore this model and to
evaluate the degree to which it is possible to effectively dissociate the mode ofa reaction
time distribution from its skew. Only by dissociating these measures will it be possible to
confirm that they do, in fact, reflect different elements of behavior. This will be the focus
ofthe experiments described below.
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Environmental Task Variations and Attention
Distracter effects. In addition to various manipulations ofstandard task parameters,
the introduction of an auditory or visual distracter can be used to interrupt attention
during a behavioral task. When a visual form ofthe distracter task was employed by
McGaughy and Sarter(1995)to evaluate the effects of a flashing chamber light upon
behavior, it was found that the manipulation resulted in attentional deficits, specifically
an increased number of omissions and a reduction in accuracy. A similar effect was
reported by Jones et al(1995) who observed an accuracy impairment in response to the
presence of a white noise distracter. Although Jones and Higgins(1995)did not observe
a change in performance accuracy in response to the introduction ofa white noise
distracter, when the distracter was used in combination with the anticholinergic dmg
scopolamine omissions were increased and accuracy was reduced.
Not all of the data examining the effects of a distracter upon behavior have proven
consistent. Robbins et al(1989)actually reported an increase in performance accuracy
during a serial reaction time task in response to the introduction of white noise. Harrison
et al(1997)found no effect of a similar distracter upon the latency to make a correct
response or the omissions committed, suggesting that the degree to which the
manipulation disrupts performance remains unclear. Based on these findings and the
somewhat inconsistent data obtained for the popular measures of attention in unrelated
studies, it is difficult to conclude precisely how and to what degree the introduction of a
distracter affects attention in the rat. However,the dismptive effects ofthe visual
stimulus reported by McGaughy and Sarter(1995)led us to the use of a visual stimulus
as a distracter on Experiment 1 as described below.
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Acetylcholine and Attention
Acetylcholine has been found to play a significant role in the ability ofhuman and
animal subjects to maintain focused attention.
Human studies. Wesnes and Warburton(1983) applied the measures ofthe signal
detection theory to analyze the performace of humans during a test ofsustained attention,
throughout which the participant was asked to indicate when the hand of a clock
momentarily paused. A reduction in the number of correct detections was observed
during the final forty minutes of the sixty minute sessions in response to administration of
the muscarinic antagonist scopolamine(1.2 mg),indicating that attention was decreased
in response to reduced neurotransmission of acetylcholine.
Broks, Preston, Traub, Poppleton, Ward, and Stahl(1988) evaluated the effects of
scopolamine upon sustained attention in humans using a task in which a series ofbeeps
was produced by a computer and the subject was asked to indicate how many were heard
over the span of each trial. In trials with tones ofthe lowest firequency, a dose-dependent
decrease in accuracy was observed in response to scopolamine administration. The
authors propose that this effect was seen only in response to the lowest tones because that
condition is most dependent upon focused attention.
Lesion and in vivo release studies. The impact ofthe cholinergic system upon
attention has been evaluated in animal studies through use ofthe 5-CSRTT in
combination with lesioning techniques. This research has implicated an integral role for
acetylcholine in the mechanisms of attention. In 1989, Robbins et al reported that
excitotoxic lesions ofthe basal forebrain which reduced choline acetyltransferase activity
(reducing acetylcholine neurotransmission)resulted in reduced accuracy during task
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performance. In a subsequent study, Muir, Eventt, and Robbins(1995)observed that
lesions of the basal forebrain disrupted rat performance on the 5-CSRTT by reducing
accuracy as well as increasing response latencies. Although some natural recovery of
these deficits occurred with time, reducing the duration ofthe stimulus resulted in a
return to the accuracy deficits seen in initial post-operative performance. Interestingly, a
significant improvement in the response accuracy was observed following administration
ofthe indirect agonist physostigmine or the direct agonist nicotine, both of which
increase acetylcholine neurotransmission. Passetti, Dailey, O’Connell, Everitt, and
Robbins(2000)employed in vivo microdialysis to record an increased efflux of
acetylcholine within the medial prefrontal cortex during participation in a 5-CSRTT
designed to evaluate attentional ability. The results ofthese studies suggest that the
neurotransmission of acetylcholine is strongly linked to performance on tasks of
attention.
Acetylcholine Receptor subtypes. The cholinergic system plays a role in the
maintenance of sustained attention through the coordination of muscarinic and nicotinic
receptors, two subtypes which have been found to differentially contribute to attentional
processes(Mirza & Stolerman, 2000). Mirza and Stolerman(2000)suggest this
difference may result from the fact that nicotinic receptor activity is key to the initial
assessment of a stimulus while muscarinic receptor activity may specifically influence
discrimination and response selection. Ruotsalainen et al(2000)suggested that
applications of attention are more significantly affected by alterations ofthe muscanmc
subtype, while the ability to coordinate motor responses is more strongly affected by the
nicotinic subtype.
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Muscarinic receptor antagonists such as scopolamine have been found to produce
attentional impairments manifested within a variety ofperformance measures (Phillips et
al, 2000; Jones and Higgins, 1995; McGaughy et al, 1994). Mirza and Stolerman(2000)
observed a reduction in accuracy in response to scopolamine that was also detected by
Jones and Higgins (1995). However, Higgs et al(2000) and McGaughy et al(1994)
observed no effect of the drug upon this measure. The administration ofscopolamine has
also been found to increase the number ofomissions committed and to reduce the number
of trials completed within an attentional study(Blokland, 1998; Higgs et al, 2000; Jones
& Higgins, 1995; McGaughy et al, 1994; Jakala et al, 1992). It was suggested by Higgs
et al(2000)that these increases in omissions might be indicative of motivational
impairments, as similar increases were seen in response to pre-feeding but not in response
to decreased stimulus duration, which is assumed to increase attentional load. Jones and
Higgins(1995) reported increased response latencies following the administration of
scopolamine, and this correlation was also reported by McGaughy et al(1994)as well as
Jakala et al (1992).
Although the results of studies examining the effects ofthe muscarinic antagonist
scopolamine upon attention contain some inconsistencies, they suggest an attentional
performance impairment associated with administration ofthe drug.

Purpose
This study was designed to employ a choice reaction time task to further develop
reaction time distribution analysis as a model of attention in the rat. The task ofsustained
attention required rats to make a correct side choice within a certain reaction time
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criterion following stimulus presentation at the conclusion ofa variable foreperiod.
Analysis was performed according to the current animal model developed by Sabol et al
(2003) that is based upon division of the reaction time distribution into its mode and
skew. The mode ofthe distribution parallels the Gaussian component identified by Hohle
(1967) as a residual latency, while the skew ofthe distribution parallels the exponential
component identified as a decision latency. Although the ex-Gaussian approach to
evaluating attention was supported by the work of Leth-Steensen et al(2000), the mode
and skew of the reaction time distribution will be further investigated as a model for
attention using the rat. Two manipulations which have been shown to alter attention in
animal models were evaluated: first, the introduction of a visual distracter, and second,
the administration of the cholinergic antagonist scopolamine. A change in the reaction
time distribution skew in response to the distracter would support the current model ifthe
mode remained unaffected. The second phase ofthe study was intended to assess the
effects of administering scopolamine upon reaction time distribution mode and skew.
The scopolamine experiment is in progress and data will not be presented.

Hypotheses
Although some discrepancies exist between studies evaluating the effects of a
distracter and scopolamine upon attention, hypotheses were made regarding how the
manipulations would affect the distribution skew and more common measures of
attention. Specifically, it was predicted that the distracter would leave the mode ofthe
initiation time distribution unaffected while the skew (the deviation from the mode), and
percent omissions would be similarly increased. It was hypothesized that the rate of
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premature initiations would increase in response to the distracter, while the rate of
premature responses would remain constant since the distracter would not direct subjects
to either side hole. For the second experiment, it was predicted that scopolamine would
leave the mode of the initiation time distribution unaffected, while the skew and percent
omissions would be increased in response to the dmg.
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Methods

Experiment 1: Distracter
Participants. Sixteen male Sprague-Dawley rats obtained from Harlan with initial
weights of 250-275g were housed as pairs within hanging metal cages. The subjects
were maintained on a 12-h light/12-h dark cycle (lights on at 7:00 a.m.) and given free
access to food throughout the study. Water restriction began one week post-arrival with
twenty-minute access given at the conclusion of testing each day. During week 7 ofthe
study, water access was extended to include a twenty-four hour period administered upon
completion of the testing on Fridays. In response to the failure ofsome subjects to
maintain sufficient body weight relative to three age-matched controls, daily water access
was extended to a sixty-minute period during week 17 ofthe study. During month 5 of
the study, one subject was shifted to an ad-lib watering schedule in response to
insufficient weight maintenance. All procedures for the study were approved by the
Institutional Animal Care and Use Committee at the University of Mississippi.
Apparatus. The rats were individually evaluated using four test chambers housed
within insulated coolers(35cm x 55cm x 41cm)to minimize the intrusion of
environmental sound. The internal testing chambers were constmcted oftwo aluminum
walls and two walls of0.5 cm clear plexi-glass to create a test chamber 23cm x 22cm x
20cm. On one aluminum wall, a chamber light was centered 13 cm above the chamber
floor. This light was calibrated to emit 6.1 foot candles ofillumination. On the opposite
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panel, two side holes raised 4 cm from the base ofthe floor were inset 3 cm from their
respective walls. Two stimulus lights elevated 4.5 cm from the floor were centered 2 cm
from their respective side walls. The center hole with a diameter of2.5 cm started 3.8 cm
above the chamber floor and was positioned directly below a center stimulus light.
During test sessions, water was delivered into the side holes by valves calibrated to
release 50+2 /xL. Photocell beams were positioned to record placement ofthe subject’s
head within any of the three holes. Response patterns and times were recorded using
Med-PC software.
Reaction Time Training. An introduction to the parameters ofthe reaction time
task began two weeks after the arrival ofthe subjects. Initially, water was placed into
each of the three holes on the testing panel before the session began. Hand-shaping was
used when necessary if the rat failed to learn the task. When the subject placed his nose
into the center hole, a stimulus light was illuminated above the left or right side hole with
equal probability following a fixed, cumulative foreperiod of0.1s. Only time during
which the head was positioned inside the center hole was applied to the foreperiod, and
premature removal did not result in resetting ofthe trial. During the second week of
training, the maximum foreperiod was increased in Is intervals until a maximum of6s
was established. The foreperiod remained variable even at the maximum of6s.
Reinforcement was given for each correct choice once the nose was placed into the
correct side hole. To allow for maximum signal detection, the chamber light was not
activated. Testing was conducted from noon to 4:00 p.m., five days per week and the rats
were divided into blocks offour for evaluation. The rats remained within the chambers
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for forty-five minutes, regardless of the time required to complete the one hundred
possible trials.
The second stage of training was begun in week 4 ofthe study, at which point a time
requirement for the correct responses was imposed. Once a trial was initiated by
placement of the nose into the center hole, the rat was required to make a side choice with
a certain speed in order to receive reinforcement. The interval in which the rat could
respond was adjusted relative to his performance within each session. While all subjects
began each session with a reaction time requirement of0.71s, the interval was shortened
following the completion of two correct trials within the reaction time criterion and
lengthened following one trial in which the rat failed to perform with the required speed.
At the start of training week 5, the chamber lights within the boxes were activated on
alternating days to produce sessions under salient conditions (with the chamber light off)
and non-salient conditions (with the chamber light illuminated.) This established the
final task parameters: a cumulative 6s maximum foreperiod, a regulated reaction time
requirement, alternating days of salient and non-salient environments, and sessions of
100 trials over 45 minutes.
Distracter Introduction. Progress under the final task parameters was monitored
for eighteen weeks oftesting until reliable baseline performance was reached. Water
restriction levels were established at sixty minute access for four weeks. At this time, a
visual distracter was introduced in the form of a flashing light above the center nose-poke
hole on the testing panel. The light flashed once during the foreperiod and had a duration
of0.25s. All other task parameters remained unchanged. This variation on the reaction
time task was administered for eight weeks of testing, after which the subjects were
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returned to the standard task without any visual distracter present. Data for this distracter
test are not presented.
Following three months of testing under the standard reaction time task, a second
distracter condition was introduced. This version ofthe visual distracter included a light
above the center nose-poke hole that flashed continuously during the foreperiod with an
average frequency of 1 flash/second and a duration of0.25s. All other task parameters
remained unchanged. Rats were tested under this form ofthe reaction time task for four
weeks.
Behavioral Measures. Within each session, overall performance on the reaction
time task was divided into initiation time and movement time. The initiation time was
designated as the interval between the appearance ofthe side panel light and the removal
of the rat’s nose from the center hole. The movement time was designated as the interval
between the withdrawal of the nose from the center hole and placement in a side hole.
According to these distinctions, the initiation time was interpreted to be a more accurate
measure of attention and all variables were analyzed for this division ofreaction time.
The distribution mean, mode, and skew were calculated for initiation time under
baseline and distracter conditions. In order to calculate the mode,the initiation time
distribution was divided into 50 ms intervals. The mode was then identified by
determining at which reaction time category the highest run average was found.
Subtraction of this value from the mean produced the deviation from the mode,a measure
adopted to assess the skew of the distribution. Responses in which the subject removed
its nose from the center hole before illumination of a side light were recorded as
premature initiations. Responses in which the subject removed its nose from the center
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hole before a side light appeared and then placed its nose into a side hole were recorded
as premature responses. The rates of premature initiations and premature responses were
calculated through division of the values by the total foreperiod times for each session.
Correct responses with initiation times greater than 2s were regarded as omissions and
were reported as the percentage of total trials. The total trials completed, the percent of
correct responses, and the percent of trials rewarded were also measured.
Data Analysis. The initiation time data were analyzed using a 2-way within
subjects ANOVA. The two within subject factors were distracter condition (baseline,
first two-week distracter period, or second two-week distracter period) and foreperiod
duration (0-150cs, 180-300cs, 330-450cs, or 480-600cs). The level ofsignificance was
set at p<0.05. Data from all subjects were averaged to obtain the results for each ofthe
three testing conditions. Data were separated according to saliency, producing three 5day blocks for the salient condition and three 5-day blocks for the non-salient condition.
Data for two rats were removed from analysis due to insufficient performance. Post-hoc
analysis was performed with Bonferroni corrections to identify 1)significant differences
between the baseline condition and the distracter conditions when collapsed across
foreperiods 2)significant differences between the baseline and distracter conditions for
specific foreperiods, and 3)significant differences between foreperiods when collapsed
across conditions.
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Experiment 2: Scopolamine
Procedures are as described for Experiment 1 except for the absence ofthe distracter and
the following conditions:
.Participants. Sixteen male Sprague-Dawley rats obtained from Harlan with
initial weights of 350-375g were housed as pairs within hanging metal cages. The
subjects were maintained on a 12-h light/12-h dark cycle (lights on at 7:00 a.m.) and
given free access to food throughout the study. An error in the regulation ofthe
light/dark cycle resulted in the implementation of a constant 24-hour light cycle for four
and a half weeks beginning in training week 10. Water restriction began three and a half
weeks post-arrival, with sixty-minute access given each day. After one week on this
schedule, water access was reduced to thirty minutes per day. A twenty-four hour period
of unrestricted access was administered upon completion ofthe testing on Fridays, and
rats were maintained at approximately 80% of age-matched control weight. At training
week 10, rats were given a water holiday with fourteen days of unrestricted access.
During month 7 of the study, one rat was removed from the testing schedule due to
illness. All procedures for the study were approved by the Institutional Animal Care and
Use Committee at the University of Mississippi.
Reaction Time Training. Subjects were exposed to the attentional task six weeks
post-arrival.
Drugs. Racemic scopolamine hydrobromide(SIGMA,St. Louis, MO)was
administered intraperitoneally thirty minutes before testing sessions began at a constant
injection volume of2 ml/kg. Scopolamine HBr(0.03 mg/kg,0.06 mg/kg, or 0.10 mg/kg)
and vehicle were administered in a randomized sequence developed according to the
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Latin square design. Subjects were divided into groups offour with each group member
receiving the same dose of drug or a vehicle injection. Injections were given on Tuesday
and Friday for each week of drug administration, with subjects receiving the same
treatment on both days(one in the salient condition and one in the non-salient condition).
Drug administration began after 21 weeks of training in the reaction time task.
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Results

Non-Salient Condition
Mean initiation time. A significant main effect of distracter(F(2,26)=18.89,
p<0.0001) was observed for mean initiation time. Post-hoc analysis ofthe main effect of
distracter revealed that the mean initiation time for the baseline condition differed
significantly from that of the first distracter period (p<0.001)and the second distracter
period (p<0.01). The Bonferonni correction for this and all subsequent analyses of
distracter effects for Experiment 1 was p<0.025. See Figure 1.
Modal initiation time. A significant main effect of distracter(F(2,26)=17.09,
p<0.0001) was observed for the initiation time mode. Post-hoc analysis ofthe main
effect exposed a significant difference between the modal initiation time for the baseline
condition and the first distracter period (p<0.0001) as well as the second distracter period
(p<0.001). See Figure 1.
DevMode initiation time. A significant main effect of distracter (F(2,26)=l 1.33,
p<0.001) upon initiation time deviation from the mode(skew) was observed. Post-hoc
analysis of the main effect identified a significant difference between the baseline
condition and the first distracter period (p<0.001) as well as the second distracter period
(p<0.025). See Figure 1.
Premature responses/s. There was a significant main effect of distracter
(F(2,26)=5.26, p<0.05) upon the rate of premature responses committed. Post-hoc
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analysis of the dislracter main effect revealed that the baseline condition differed
sigxiificantly from the first distracter period (p<0.01)but not the second. See Figure 1.
Percent rewarded trials. There was a significant main effect of distracter
(F(2,26)=4.22, p<0.05) upon the percent oftrials that were rewarded. Post-hoc analysis
did not reveal a significant difference between baseline and the first distracter period or
the second distracter period. See Figure 1.
Premature initiations/s, total trials completed, percent correct, omissions. No
significant main effect of distracter was observed.

Salient Condition
Mean initiation time. There was a significant main effect ofdistracter
(F(2,26)=59.07, p<0.0001)on mean initiation time. Post-hoc analysis ofthe distracter
main effect revealed that the mean initiation time for the baseline condition differed
significantly from that of the first distracter period (p<0.0001)as well as the second
distracter period (p<0.0001). See Figure 2.
Modal initiation time. A significant main effect of distracter(F(2,26)=44.59,
p<0.0001) was observed for the initiation time mode. Post-hoc analysis ofthe distracter
main effect revealed that the modal initiation time for the baseline condition differed
significantly from that of the first distracter period (p<0.0001)as well as the second
distracter period (p<0.0001). See Figure 2.
DevMode initiation time. A significant main effect of distracter(F(2,26)=36.38,
p<0.0001) on initiation time deviation from the mode was observed. Post-hoc analysis of
the distracter main effect identified significant differences between the skew ofthe
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baseline condition and that of the first distracter period (p<0.0001)as well as that ofthe
second distracter period (p<0.0001). See Figure 2.
Omissions. A significant main effect of distracter(F(2,26)=l 1.71, p<0.001)was
observed for the percent omissions committed. Post-hoc analysis ofthe distracter main
effect identified significant differences between the baseline condition and the first
distracter period (p<0.01) as well as the second distracter period (p<0.01). See Figure 2.
Percent rewarded trials. There was a significant main effect ofdistracter
(F(2,26)=5.35, p<0.05) for the percent of rewarded trials. Post-hoc analysis ofthe
distracter main effect revealed that the baseline condition differed significantly from the
first distracter period (p<0.025) but not from the second. See Figure 2.
Premature initiations/s, premature responses/s, total trials completed,percent
correct. No significant main effect of distracter was observed.

The original intent for this project was to report the effects of varying foreperiod
duration upon performance of the task in the presence and absence ofa distracter. While
analysis of the data was conducted, the literature review and interpretation ofthe findings
proved to be beyond the scope of this project. The analyses are presented as Appendix A.
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Discussion

Initiation Time Mean
The significant increase of mean initiation time that was observed within the current
study suggests that performance impairments were, in fact, induced by the distracter.
Significant increases in overall reaction time have been reported by researchers
examining task manipulations designed to increase attentional demands. Harrison et al
(1997) observed an increase in response latencies following reductions ofstimulus
intensity. McGaughy et al (1994) observed greater response latencies for a bimodal
testing condition in which rats were reinforced for one set ofresponses in the presence of
visual cues and an opposing set in the presence of auditory cues, supporting a correlation
between the measure and attentional load. If it is assumed that the current task was
repeated to the extent that performance became automatic, this finding is consistent with
the paradigm proposed by McGaughy et al(1994) whereby impairments of attention are
manifested as increases in the time required to identify and execute an appropriate
response.
The increase in mean initiation time observed within the current study suggests that
the visual distracter impaired some portion ofthe pathway connecting initial sensory
perception and identification to the beginning of a motor response (Hohle, 1967).
According to the model proposed by Hohle (1967), a general change in response time
may be the result of changes in a number of specific response elements such as reception
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ofthe stimulus at a peripheral site, conduction to a central sensory site, central decision
making, or control and conduction of a motor response. However,the increased mean
alone does not allow for identification ofthe specific component that was impaired, and
an increase of the measure may not conclusively represent the effects ofa challenge to
attention. Some researchers have found the measure to be insensitive to manipulations
that increase attentional load. Neither Grottick and Higgins(2002)nor Harrison et al
(1997)observed any significant change in reaction time during the 5-CSRTT following
alterations of stimulus duration, a manipulation designed to challenge attention.
Harrision et al (1997) also reported no significant effect ofa white noise distracter upon
correct latency.

Initiation Time Mode and Distribution Skew
In the present study, the effects of the visual distracter upon the mode and skew ofthe
initiation time distribution were inconsistent with the hypotheses that were developed. It
was predicted that the mode of the distribution would remain constant while the skew
was altered in the presence of the distracter, a challenge to attention. The manipulation
failed to dissociate the behavioral measures reflected by the mode ofthe initiation time
distribution from those reflected by the distribution skew, as both measures experienced
significant main effects of distracter. While the distracter appears to have produced an
effective and broad impairment of attention, the results did not allow for the intended
separation of the measures.
The significant increase in distribution skew (deviation from the mode)that was
observed in response to the distracter parallels a change in the exponential decision
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latency identified by Hohle (1967). A change in this component ofthe distribution is
proposed to represent a change in the ability ofthe subject to distinguish environmental
noise from the target stimuli and/or to select the appropriate response. According to
Leth-Steensen et al (2000), the increased skew seen in connection with ADHD represents
an impairment in this central processing that is manifested as a disproportionate amount
ofslow responses, or an increase in attentional lapses. In the present study, this increased
skew is consistent with an inability to maintain attention, although it appears to have been
coupled to a broader performance impairment.
This interpretation of disrupted attention in response to a visual distracter is consistent
with the results of McGaughy and Sarter (1995), a study which evaluated the effects ofa
flashing houselight upon performance. The researchers developed a unique measure of
attention termed the vigilance index which relates the number ofhits (correct presses of
the left lever in response to a light) to the number offalse alarms(incorrect presses ofthe
left lever in a non-signal trial). The flashing chamber light resulted in a reduction ofthe
vigilance index (or specifically a reduction in the number of hits and correct rejections)
indicating a reduced ability ofthe subject to correctly identify the stimulus and to
differentiate between signal and non-signal trials. Interestingly, although the skew was
significantly affected by the distracter in both the salient and non-salient conditions ofthe
present study, the effect appears to have been greater for the salient condition.
The significant increase in mode that was observed in response to the distracter
parallels a change in the Gaussian residual latency identified by Hohle(1967).
According to this model, the increased mode is representative ofchanges in the
sensorimotor processes of the response pathway. The change in this measure suggests
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that there was a disruption of the process whereby the stimulus was received,the sensory
information was conducted, the motor impulses were conducted, and/or the motor
response was executed (Hohle, 1967).
The failure of the current study to dissociate initiation time mode from initiation time
skew is consistent with the results of Sabol et al (2003), a study examining the effects of
stimulus salience and methamphetamine upon attention in the rat. In this earlier study, it
was reported that methamphetamine and increased stimulus salience reduced initiation
time mode as well as initiation time skew,failing to dissociate the two measures.
The behavioral changes observed in response to methamphetamine,changes in
stimulus saliency (Sabol et al, 2003), and a distracter(present findings)suggest that the
current animal model may not allow for differentiation between the two components of
the initiation time distribution. However, the stronger effects ofthe manipulations on
skew relative to mode suggest that the two measures may represent distinct elements of
behavior. Further challenges to attention will be evaluated in the future. This research
may take the form of pharmacological manipulations, such as the administration of
scopolamine or other cholinergic agents. Examining the effects ofaltering the
probability with which the stimulus lights appear in each location may also prove
beneficial. Different results might be obtained by applying distracters that are not as
reliant upon the neural pathways through which visual stimuli are received and
conducted, such as white-noise distracters.
In summary, the changes in mode and skew that were observed in the current study
suggests that either the two components ofthe distribution reflect the same element of
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behavior or that they reflect distinct elements ofbehavior simultaneously affected by the
visual distracter.

Premature Initiations and Premature Responses
The effects of the distracter upon the rates of premature initiations and premature
responses conflicted somewhat with the predictions that were made. It was hypothesized
that the rate of premature initiations would increase as rats misinterpreted the distracter as
a cue and removed their noses from the center hole during the foreperiod before a side
light was illuminated. The failure of the distracter to produce any significant effect upon
the measure suggests that this expected disruption was not induced and the rats were able
to distinguish effectively between the two conflicting sets ofstimuli. The absence ofa
main effect of distracter upon this measure may have been due to the relatively large
variability seen within the data.
Since the distracter appeared above the center hole in the task, there was no reason to
anticipate that its presence would direct the rat to either side hole following a premature
initiation. The hypothesis that the premature response rate would remain unaffected by
the distracter was generally supported by the results ofthis study. The absence of an
effect in the salient condition suggests that rats were able to distinguish between the
distracter and the side lights as was expected. The reason for the isolated difference
between the baseline and the first distracter condition within the non-salient environment
is unclear. However, it is suggested that distinguishing between the competing sets of
stimuli became more difficult in the non-salient condition. Across all conditions the
premature response rate was less for the salient environment, an observation consistent
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with the finding of Sabol et al (2003)that more salient conditions result in lower
premature response rates. An absence ofthe effect in the second distracter condition may
have been due to the recognition over time that the distracter and signal were
independent.

Omissions
It was predicted that the percent omissions committed (the number ofcorrect
responses with an initiation time greater than two seconds) would increase in the
presence of the distracter as subjects were slowed by the conflicting stimuli. The
significant increase that was seen in the salient condition is consistent with the change in
omissions reported by McGaughy and Sarter(1995)in the presence ofa flashing
houselight. This increase in omissions has also been reported in response to other
challenges to attention, including reductions of stimulus duration (Grottick & Higgins,
2002). The absence of a distracter effect upon the omissions committed in the non
salient condition is consistent with results of Harrison et al(1997), a study which
reported no effect of a white noise distracter upon the measure in a similar environment.
The absence of a main effect on omissions within the non-salient condition ofthe
present study appears to be the result of a larger number ofomissions committed at the
baseline level relative to the salient condition, a difference that is consistent with the
findings of Harrison et al(1997)in a task with no distracter present. The baseline
difference is also consistent with the report by Sabol et al(2003)of a near significant
effect of stimulus salience upon the omissions committed during a reaction time task.
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The conflicting data obtained for the salient and non-salient conditions in response to
the distracter is not atypical of attempts to evaluate attention using omissions. The
increased omissions reported by Grottick and Higgins(2002)in response to reduced
stimulus duration differ from the finding of Higgs et al (2000)that stimulus duration did
not affect the measure. Higgs et al (2000)observed a significant increase in the
omissions comitted in response to pre-feeding, an effect that was also reported by Bizarro
and Stolerman (2003). These results support the treatment ofomissions as a measure of
motivational level rather than a direct measure of attention.
The results of the current study suggest that the effects of a distracter on omissions
may be related to ambient light condition. The literature generally indicates that ambient
light and motivational level may contribute to some conflicting results that have been
obtained.

Percent Rewarded Trials
Although the effect of the distracter upon the percent ofrewarded trials reached
significance only in the first distracter period ofthe salient condition, the effect seen at
this point suggests a performance impairment in response to the manipulation. The
significant decrease indicates that in the presence ofthe distracter, fewer correct
responses were made within the reaction time criterion. This change might simply reflect
the slowing of responses induced by the distracter, but it is unclear why the significant
effect was isolated within a single distracter period for a single environment.
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Summary
The goal of this project was to evaluate a model of attention first proposed by
Hohle (1967) that has been expanded by the human studies ofLeth-Steensen et al(2000)
as well as by the animal studies of Sabol et al (2003). In accordance with the animal
model developed by Sabol et al (2003), attention was evaluated through examination of
the changes in reaction time distribution skew following exposure to a visual distracter.
The intent was to dissociate the elements ofbehavior represented by mode and skew of
the distribution through the addition of a visual distracter to a task ofsustained attention.
The model would be supported by differential effects ofthe distracter upon the mode and
skew.
The visual distracter proved to be an effective challenge of attention, as evidenced
by its induction of changes in the initiation time mean, mode,and skew. The rate of
premature initiations was unaffected by the manipulation, with the number ofomissions
committed and the percent of rewarded trials differing from baseline only in the non
salient condition. Although the increase in skew appeared to be greater than the observed
increase in mode, the significant effect of the distracter on both measures prevented their
dissociation.
The results of the present study suggest that either 1)the mode and skew of
reaction time distributions represent the same elements ofbehavior, or 2)the mode and
skew represent distinct elements ofbehavior that were simultaneously affected by the
visual distracter. The increase in distribution skew observed with the distracter is
consistent with Leth-Steensen et al’s(2000)view that reaction time distribution skew
reflects attentional lapses.
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Appendix A

Non-Salient Condition
Mean initiation time. A significant distracter x foreperiod interaction
(F(6,78)=2.54, p<0.05) was obser\'ed for mean initiation time. Post-hoc analysis ofthe
distracter x foreperiod interaction indicated that the baseline condition differed
significantly from the first distracter period at the first (p<0.01),second (p<0.001),and
third (p<0.001) foreperiods, but differed from the second distracter period only at the first
(p<0.01) foreperiod. The Bonferonni correction for this and all subsequent analyses of
foreperiod effects between conditions for Experiment 1 was p<0.025. See Figure 3.
DevMode initiation time. A trend towards a distracter x foreperiod interaction was
identified (p=0.052) and post-hoc analysis revealed that the baseline condition differed
significantly from the first distracter period at the first(p<0.025),second (p<0.01), and
third (p<0.01) foreperiods. The baseline differed from the second distracter period only
at the first (p<0.025) foreperiod. See Figure 3.
Premature responses/s. There was a significant main effect offoreperiod
(F(3,39)=15.97, p<0.0001) upon the rate of premature responses committed, as well as
trend towards a distracter x foreperiod interaction (p=0.057). Further analysis ofthe
foreperiod main effect identified a significant difference across conditions between the
premature response rate at the first foreperiod and the rate at the second (p<0.01), third
(p<0.01), and fourth (0.01) foreperiods. The Bonferonni correction for this and all
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subsequent analyses of foreperiod effects within conditions was p<0.017. Within the
baseline condition, the premature response rate at the first foreperiod differed
significantly from the rate observ ed at the second (p<0.01), third (p<0.01), and fourth
(p<0.01) foreperiods. Within the first distracter condition, the rate at the first foreperiod
once again differed significantly from the rate observed at the subsequent foreperiods
(p<0.01) and similar results were seen within the second distracter condition(p<0.01).
Post-hoc analysis identified a significant difference between the baseline condition and
the first distracter condition at the first foreperiod (p<0.01). See Figure 3.
Omissions. A significant main effect of foreperiod upon the percent conect
omissions was recorded (F(3,39)=9.08, p<0.001) as well as a distracter x foreperiod
interaction (F(6,78)=2.37, p<0.05). Post-hoc analysis ofthe main effect revealed a
significant difference across conditions between the first foreperiod and the third
(p<0.01) and fourth (p<0.01) foreperiods. A significant difference was identified
specifically within the baseline condition between the first foreperiod and the third
foreperiod (p<0.01) as well as the fourth foreperiod (p<0.01). Within the first distracter
period the first foreperiod differed significantly from the second (p*^0.017),third
(p<0.017), and fourth (p<0.01) foreperiods. Further analysis ofthe distracter x
foreperiod interaction identified a significant difference between the baseline condition
and the second distracter condition only at the second foreperiod (p<0.025). See Figure
3.
Percent rewarded trials. There was a significant main effect offoreperiod
(F(3,39)=3.18, p<0.05) upon the percent of trials that were rewarded as well as a
distracter x foreperiod interaction (F(6,78)=2.57, p<0.05). A significant difference
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between the baseline condition and the second distracter period was identified for the first
foreperiod (p<0.017). The percent rewarded was found to differ significantly within the
second distracter period between the first two foreperiods(p<0.017). See Figure 3.
Modal initiation time, premature initiations/s, total trials completed,percent
correct. No significant main effect of foreperiod was observed.

Salient Condition
Mean initiation time. There was a significant main effect offoreperiod
(F(3,39)=4.60, p<0.01)on mean initiation time. Post-hoc analysis ofthe foreperiod main
effect revealed that at all separate foreperiods, the mean initiation time for the baseline
condition differed significantly from the mean for the first distracter period(p<0.0001)
and second distracter period (p<0.001). Collapsing across conditions, the first foreperiod
and the fourth foreperiod differed significantly (p<0.01). See Figure 4.
Modal initiation time. A significant main effect foreperiod (F(3,39)=3.13, p<0.05)
was observed for the initiation time mode. Upon further analysis, it was revealed that the
first distracter period significantly differed from the baseline at all four foreperiods
(p<0.001), as did the second distracter period (p<0.01). See Figure 4.
DevMode initiation time. A significant main effect offoreperiod (F(3,39)=3.11,
p<0.05) on initiation time deviation from the mode was observed. Upon further analysis.
it was confirmed that the first distracter period differed significantly fi'om the baseline at
all four foreperiods (p<0.001) as did the second distracter period (p<0.01). The first and
fourth foreperiods were found to differ significantly across collapsed conditions
(p<0.017). See Figure 4.
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Premature initiations/s. A distracterx foreperiod interaction was found to
significantly affect the rate of premature initiations committed (F(6,78)=2.93,p<0.05).
At the third foreperiod, there was a significant difference between the rate at the baseline
condition and that of the first distracter period (p<0.025). See Figure 4.
Premature responses/s. There was a significant main effect offoreperiod on the
rate of premature responses committed (F(3,39)=16.26,p<0.0001). Collapsing across
conditions, the first foreperiod differed significantly from the second (p<0.01),third
(p<0.01), and fourth (p<0.01) foreperiods. The second, third, and fourth foreperiods
differed significantly from the first foreperiod within the baseline condition(p<0.001),
the first distracter period (p<0.01), and the second distracter period (p<0.01). The first
distracter period differed significantly from the baseline condition at foreperiods three
(p<0.01) and four (p<0.01). See Figure 4.
Omissions. A significant main effect of foreperiod (F(3,39)=l0.85, p<0.001)

was

associated with the percent of correct omissions committed, as well as a significant
distracter x foreperiod interaction (F(6,78)=5.28, p<0.001). Post-hoc analysis determined
that the baseline condition differed significantly from the first distracter period at the first
(p<0.01) and second (p<0.017) foreperiods. The baseline condition differed significantly
from the second distracter period at the first foreperiod (p<0.01). Collapsing across
conditions, the first foreperiod differed significantly fi-om the second (p<0.01), third
(p<0.01) and fourth (p<0.01)foreperiods. Within the first distracter condition,the first
foreperiod differed significantly from the third (p<0.01)and fourth (p<0.01)forepenods.
Within the second distracter condition, the first foreperiod differed significantly firom the
second (p<0.01), third (p<0.01), and fourth (p<0.01)foreperiods. See Figured
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Percent rcwanlcd trials. There was a significant main effect offoreperiod
(F(3,39)=4.35, p<0.01) as well as a significant distracter x foreperiod interaction
(F(6,78)=3.64, p<().()l) for the percent of rewarded trials. Post-hoc analysis determined
that the baseline differed significantly from the first distracter period at foreperiods one
(p<0.01) and four (p<0.025), and from the second distracter period at foreperiods one
(p<0.025) and four (p<0.025). Collapsing across conditions, the first foreperiod differed
significantly from the second (p<0.01) foreperiod. Within the first distracter period, die
first foreperiod differed significantly from the second (p<0.01), third(pO.Ol),and fourth
(p<0.001) foreperiods. Within the second distracter period, the first foreperiod differed
significantly from the second (p<0.01), third (p<0.01), and fourth(p<0.017)foreperiods.
See Figure 4.
Total trials completed, percent correct. No significant main effect offoreperiod
was observed.
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FIGURE 1; Effects of distracter on performance measures in the non-salient condition.
* Indicates significant difference from baseline, collapsed across foreperiods
(Bonferroni correction of p<0.025). D Indicates main effect of distracter.
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FIGURE 2: Effects of distracter on performance measures in the salient condition.
* Indicates significant difference from baseline, collapsed across foreperiods
(Bonferroni correction of p<0.025). D Indicates main effect of distracter.
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FIGURE 3: Effects of foreperiod on performance measures in the non-salient condition.
* Indicates significant difference from baseline at specific foreperiods (Bonferroni correction
of p<0.025). # Indicates significant difference from foreperiod one, collapsed across conditions
(Bonferroni correction of p<0.017). F Indicates main effect of foreperiod. I Indicates distracter x
foreperiod interaction.
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FIGURE 4: Effects of foreperiod on performance measures in the salient condition.
* Indicates significant difference from baseline at specific foreperiods (Bonferroni correction
of p<0.025). # Indicates significant difference from foreperiod one, collapsed across conditions
(Bonferroni correction of p<0.017). F Indicates main effect of foreperiod. I Indicates distracter x
foreperiod interaction.
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